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Abstract 


A system of 45 tactile surfaces consisting of 15 point, 15 line, and 

15 texture symbols was developed for use in the design of maps for the 
visually impaired based on criteria found in studies on tactile 
perception. This set of symbols was tested for discriminability through 
the sense of touch in pair comparisons involving 38 subjects who were 
sighted, partially sighted or blind. Confusion matrices were tabulated 
with and without confidence factors to show the frequencies of confusion 
between symbols in the point, line and texture symbol groups. The 
relative performance of each symbol was graded to determine effective 
subsets of the three symbol groups. A map which incorporates some of 
these symbols in combination was designed to demonstrate how the 
results of this investigation might be applied. This study extends the 
field of information design to address the design of orientation aids for 
the visually impaired, specifically to consider the development of 
symbols to facilitate tactile perception. Recommendations for further 
study, testing and application have been outlined to provide starting 
points for further development in the design of information for the 


visually impaired. 
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Introduction 
Information design for 
the visually impaired 


This thesis project report describes the design, testing and application 1.1 
of a proposed system of tactile symbols for use in the design of maps and 
other information aids for the visually impaired. 


One of the most significant challenges to visual communication 
designers in association with specialists in other disciplines, is to 
develop materials that will extend the human ability to perceive and 
use critical information, that which is essential to an individual's 
health, safety and general well-being. Safety instruction manuals, 
food and drug labels, transportation schedules and travel maps are a 
few of the aids that people can consult to find critical information. 
Alternative modes of information retrieval are required for the 
visually impaired when restrictions in vision interfere with their 
ability to use conventional aids which cater to the fully sighted. 

Information relating to orientation is critical for the visually 
impaired. Graphic orientation aids, or maps, containing information 
recognizable through vision and touch have the potential to enable 
individuals with different levels of visual impairment who possess 
motivation and some haptic capability to learn important spatial 
concepts and to plan independent travel routes. Researchers, orientation 
and mobility specialists and the visually impaired themselves support 
the use of these visual/tactile aids, yet, when available, they are 
largely underused. The design, production and training in use of these 
maps must be studied to determine how they can be improved. 

In this thesis project, the first step of analyzing the design of 
visual/tactile maps was undertaken in relation to the presentation of 
tactile information. One factor possibly affecting the effectiveness of 
tactile maps is that they are often converted from maps for the sighted. 
In surveying tactile symbols which have been tested for 
discriminability and used in maps for the visually impaired, it 
appeared that in many cases, the symbols had been converted from 
conventional printed graphics and had not been designed specifically to 
enhance their perception through the sense of touch. This project 
addresses that problem in an attempt to develop maps for the visually 
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impaired that are not based on extrapolations of the experience of the 1.2 
fully sighted, but on empirical research studying tactile perception. 
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Problem 
Improving 
visual/tactile maps 


Maps specifically designed for the visually impaired possess 24 
tremendous potential to enhance their learning of spatial concepts 

and to facilitate their planning of travel routes. For those individuals 

with haptic capability but restricted visual ability, effective tactile 
symbols can complement or replace printed counterparts. The design of 

such visual/tactile maps must extend beyond converting existing 

printed configurations to tactile form. Effective tactile symbols should 

be systematically developed specifically to facilitate the tactile 
perception of information. 


Definition of terms 

The term "visually impaired" refers to the group of people with 
a variety of visual disabilities whose level of usable vision 
ranges from partial to non-existent. The term "blind" is used here to 
refer to individuals having no usable sight. The term "visual" pertains 
to the sense of sight, and "tactile" and "haptic", to the sense of touch. 
The term "orientation aid" denotes any device or method which 
enables individuals to travel confidently in any environment. The term 
"graphic " refers to marks or characters made on a surface, used here to 
mean a printed or raised surface. The term "map" describes a 
representation of spatial configurations indicated with point, line and 
area symbols. 


Orientation and the visually impaired 

Orientation is one of the greatest difficulties faced by visually 
impaired people. According to Foulke (1983), personal effectiveness is 
decreased by an inability to travel independently, safely and 
purposefully. To achieve independent travel, Foulke states that 
visually impaired travellers must have "spatial ability", the ability 
to "discover, by observation and inference" (p. 127) critical spatial 
arrangements. Spatial ability increases with mobility training, the 


use of effective orientation aids and subsequent travel experience. 
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Graphic orientation aids 

Wiedel (1983) suggested that in addition to promoting 
independent travel, orientation aids can promote increased awareness 
of spatial concepts. Similarly, Bentzen (1980) indicated that such aids 
can be used by the visually impaired: 


to develop or enhance their understanding of basic 
spatial relationships, to facilitate their 
comprehension of specific travel environments, to 
refresh their memory of routes and areas, to 
further their skill in independent route planning, 
to enable them to travel independently in 
unfamiliar areas, and to add to their knowledge 
and enjoyment of physical space. (p. 291) 


Bentzen divided orientation aids into three categories: models, 
graphic aids and verbal aids. She defined "graphic aids" as those 
which present information in tactile, visual or tactile and visual form. 

Graphic aids such as maps may be used in appropriate cases to 
teach spatial concepts or may be used independently, after initial 
training, for route planning. Bentzen (1980) suggested that although 
graphic aids were not suitable for people with restricted tactile 
sensitivity, they were important to those visually impaired 
individuals who have difficulty in following verbal instructions and 
who require a better understanding of spatial concepts than can be 
gained through verbal descriptions. Graphic aids augment effective 
mobility training and may be used in combination with other 
orientation aids. 


Visual/tactile maps 
Graphic orientation aids (or maps) which include visual and 
tactile information have been promoted by researchers (Sherman,1965, 
cited in Bentzen, 1980; Angwin, 1968; Wiedel & Groves, 1969; Bentzen, 
1980) as having the greatest communication potential for the largest 
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number of visually impaired individuals. When both printed and 
embossed, these visual/tactile maps can be read by the visually 
impaired and their helpers. These maps are inconspicuous because they 
look like conventional aids and are more economical than maps 
designed for people with specific vision problems or the totally blind 
because they can be used by individuals with various levels of visual 
impairment. Bentzen (1977) reported that persons with residual vision 
have been found to make use of both printed and raised information to 
the extent that they are able. For example, partially sighted 
individuals can use their residual vision to guide their tactile 
exploration (Heller, 1985). 

The use of such maps is supported by the visually impaired who 
have specific orientation problems to solve. Any aspect of the 
environment of the visually impaired can be mapped (Armstrong, 
1973), including intersections, floor plans and transportation systems. 
In a discussion with a group of visually impaired and blind individuals 
(Orientation and Mobility Support Group meeting, August, 1988), 
specific mapping needs were reported, namely the layout of specific 
intersections, bus transfer points, unfamiliar rooms (including furniture 
arrangement) and streets with the building entrances marked. 
Environmental cues such as raised international symbols for washrooms 
would be indispensible. For motivated individuals with some haptic 
ability, visual/tactile maps appear to present excellent alternatives 
to unusable conventional orientation aids. Why then are so few visual/ 


tactile maps actually used? 


Design and production 

The physical and perceptual uses of maps for the visually 
impaired are affected by their design, production and training. 
Discrepancies have been noted relating to visual/tactile maps that 
may impede the development of coherent principles for their design 
and production and may ultimately affect their appeal and use. Some 
of these are outlined briefly here. 

Although many psychologists and cartographers have 
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addressed the problem of designing maps for the visually impaired, no 
studies on the subject have been found with input from industrial or 
graphic designers. Yet the relationship of content, media and function 
is central to the problem of developing effective maps for the visually 
impaired. For the most part, maps for many purposes are made by 
hand and there is no control over quality of design and production. 
Even apparently well designed maps are inadequate without effective 
training. 

Enough environmental details must be included on the map to 
provide a wealth of information to the visually impaired user, but not 
enough to cause tactile clutter. The size of the map should be small 
enough to accommodate comfortable scanning with the hands, but large 
enough to include the symbol sizes required for tactile discrimination. 

Production materials affect not only the discrimination of map 
symbols, but also the physical use of the map. Maps which are to be 
consulted en route must be portable, flexible and durable, yet the thin 
plastics that might match these criteria sometimes affect the 
legibility of the symbols. Symbols printed on plastic often become 
distorted or rub off. Maps produced from embossing paper are more 
economical to produce than their plastic counterparts, but do not wear 
as well. 

The sighted and the visually impaired differ in the "physical, 
perceptual and cognitive means of dealing with [their environments]" 
(Hazen, 1983, p. 29), yet maps for the visually impaired are often 
simply converted from existing layouts that were originally intended 
for use by the fully sighted. 

The design of visual information in visual/tactile maps must be 
perceptible by low vision users. Many potential low vision users do not 
read Braille. Although printed materials and conventional symbols 
may be used as an alternative, they must be redesigned to be visually 
useful to those with impaired sight. This may be as easy as using a 
bold typeface and as complicated as determining the optimum type 
size for legibility. Colour may be used for contrast, but it is difficult to 
predict how it will be perceived by those with widely varying visual 
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disabilities (Turk, 1983). Materials providing enough reflectance may 2.5 
also facilitate contrast, although glare must be avoided. 

The design of tactile information in visual/tactile maps 
must be based on principles of tactile perception and discrimination. 
If partially sighted and blind persons are to be encouraged to make use 
of the sense of touch for perception, then information aids prepared for 
them must provide for optimum discriminability, recognition and ease 
of use. Foulke (1983) indicated that when information cannot be 
accessed through one sensory system, it may be received “either by 
sensory substitution or by resort to a perceptual alternative" (p. 129). 
However, this does not indicate merely a substitution of visual for 


tactile information. 


Discriminable tactile symbols 

Many tactile symbols that have been used as test materials for 
the design of maps for the visually impaired have suffered from 
being tactile versions of conventional printed graphics. This practice 
severely limits the number and variety of tactile symbols that could 
be potentially useful to the visually impaired. It also restricts the 
development and testing of optimal new forms which might, for 
example, be more compatible or easily associated with the landmarks 
that they would represent. 

In one of the earliest studies of tactile symbol discrimination 
through active touch, Heath (1958, cited in Lederman & Kinch, 1979) 
tested tactile textures which had been converted from commercially 
available graphic patterns. He had selected these symbols based 
largely on visual criteria for discrimination. These were produced in 
raised fashion by the Virkotype method, in which fresh ink is 
sprinkled with resin, heated and allowed to harden. Subsequent 
studies which perpetuated this practice were undertaken by Nolan 
and Morris (1961, cited in Lederman & Kinch) and by Culbert and 
Stellwagen (1963), based on Heath's original visual selection. 
Although Nolan and Morris (1971) changed the production process to 
that of vacuum forming to increase the elevation of symbols, they still 
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used some of Heath's original textures in plastic for testing in addition 
to some other point and line symbols which were also converted 
directly from available printed graphics. Kidwell and Greer (1972) 
referred to the first point, line and texture symbols tested which were 
embossed into polyvinyl chloride as having been found on graphic arts 
transfer sheets. James and Gill (1975) based their selection of tactile 
symbols to be tested on criteria found in the previous tests. In her 

study of the relationship between production materials and symbol 
discriminability, Karentz (1977) tested symbols commonly found 

in visual graphics, but which were simple enough to be discriminated 
through touch. Lambert (1984) studied the importance of the 
association of tactile symbols and their referents, but developed 
symbols for testing based on visual symbology. 

In a few cases, researchers have found a way to apply empirical 
data on tactile perception to the development of effective tactile 
symbols. The most innovative tactile symbol is a directional arrow 
developed by Schiff (described in Schiff, Kaufer and Mosak, 1966). 
This arrow, which feels smooth in one direction and rough in the other, 
fully illustrates the potential of applying well understood theories to 
practical situations (Jansson, 1983). Further attempts were made to find 
directional symbols for critical situations. Wiedel and Groves (1969b, 
cited in Bentzen, 1980), proposed a symbol to represent the presence of 
steps which featured a rectangle followed by three dots. James and 
Gill improved upon this symbol by gradually increasing the profile of 
the successive dots to show ascending or descending steps (1969, cited 
incorrectly in Bentzen,1980). 

All of these investigations and similar ones have contributed 
greatly to the growing body of empirical knowledge related to the 
tactile perception of map symbols. In the cases where tactile symbols 
have been studied in the context of maps, few have been tested in 
actual situations. Principles governing the design of discriminable 
tactile symbols must be derived from these and other related studies to 
apply to the development of effective tactile symbols. 
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Proposal 

Designing a system of 
discriminable tactile 
symbols 


Parameters for the initial selection of features comprising potential 
tactile symbols were derived from the results of several studies of the 
tactile perception and discrimination of raised surfaces. Those features 
which affect the discriminability of tactile symbols were classified 
and combined systematically to generate numerous symbol 
configurations for possible inclusion in the proposed symbol set. Fifteen 
symbols with widely varying features were chosen from within each of 
the point, line and texture groups as a set of symbols which might 
easily be perceptible through the sense of touch. Forty-five symbols 
and some alternatives were photo-etched onto zinc plates and 
embossed onto paper for further study. These raised surfaces were 
informally inspected by touch to determine what refinements would be 
necessary to produce a system in which the features of each symbol 
would differ from those of every other in as many ways as possible. So 
that the discriminability of this proposed system might be evaluated 
by pair comparisons, test pairs were prepared for 120 possible pairings 
of 15 symbols in each of the point, line and texture groups. 


Criteria for the design of tactile symbols 

Criteria for the development of discriminable and recognizable 
tactile symbols may be gathered from the numerous studies done in the 
areas of tactile perception and tactile symbol discrimination. 

In sight, information is perceived holistically, while in touch, 
information is perceived sequentially (Revesz, 1950). This increases 
the difficulty of tactile scanning of maps and recognition of map 
symbols. Strategies for use will differ with every person, as will their 
cognitive abilities. Every effort must be made in the design of these 
maps to enhance the discrimination and recognition of tactile symbols. 

The conventional symbol groups used in maps for the sighted and 
the visually impaired are known as point, line and area. Point symbols 
normally represent landmarks, line symbols normally represent trails 
or boundaries and area symbols normally represent regions of space. In 
this project, area symbols are referred to as texture symbols, as this 
more aptly describes the raised patterns developed. 
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Researchers who have studied the tactile perception of maps and 3.2 
graphics have offered guidelines that may be applied to the coding of 
tactile symbols. Some of these are outlined here. Symbols which some 
researchers have called "areal" are referred to by the term "texture" in 
the following descriptions: 


Contrast 

Symbols should differ from each other in as many ways as 
possible, and at least 25% to 30% in size (Nolan & Morris, 
1971). Visual contrast does not provide a good indication of 
tactile contrast (Schiff, 1966, cited in Nolan & Morris, 1971). 
Point symbols should differ from each other in terms of 
shape, size, elevation, and outline. Line symbols should 
differ from each other in terms of delineation, dimension, 
roughness and frequency. Texture symbols should differ from 
each other in terms of intensity, density, interval and in the 
size, shape and direction of components (Bentzen, 1980). 


Complexity 

Maps should be simple and not cluttered with too many 
symbols (Schiff, 1966, as cited in Nolan & Morris, 1971). The 
smallest discriminable symbols should be used to accomplish 
this (Bentzen, 1980). Overuse of texture symbols should be 
avoided as it causes "tactile noise" (Berla & Murr, 1975, 
cited in Bentzen, 1980). 


Compatibility 

Wherever possible, the configuration of the symbol used 
should be easily associated with the information that it 
represents (Schiff, 1966, cited in Nolan & Morris, 1971; 
Lambert, 1984). Double lines are easily associated with 
roads (Gill, 1973a, cited in Bentzen, 1980). 
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Shape 33 
Shape recognition is one of the most difficult tactile tasks, 

but it is made easier by the use of small-scale symbols 

(Bentzen, 1980). 


Delineation 

The discrimination of small outline shapes is difficult, 
especially when they are smaller than 12 mm in diameter 
(Schiff, 1966, cited in Nolan & Morris, 1971). 


Traceability 

Lines must be designed so that they are easily traced or 
followed. The use of double lines allows for better tracking 
than one, if the lines are separated by 3.1 to 6.3 mm 
(Amendola, 1973, cited in Bentzen, 1980). 


Dimension 

Tactile symbols must be much larger than visual symbols to 
facilitate perception (Nolan & Morris, 1961, cited in 
Bentzen, 1980). Point symbols should be small enough to fit 
under the fingertips of the reader (Bentzen). The minimum 
discriminable line length is from 12.7 to 25.4 mm, depending 
on the pattern (Nolan & Morris, 1971). Texture symbols with 
outer dimensions of 5 cm x 5 cm are easily distinguished by 
blind students and smaller symbols with a 2.0 cm dimension 
are often discriminable (Morris & Nolan, 1963). Small scale 
elements in texture symbols are easier to distinguish than 


large scale ones. 


Elevation 

Tactile edges can be easily discriminated and sharpness 
("intensity") facilitates tactile perception (Schiff, 1966, 
cited in Nolan & Morris, 1971). Differences in the intensity 
of texture elements are more easily perceived than the 


eva sree tellin 4 gui sles 
o ag: im fae 


_ 


aeae it aa, ine Gane ia ees 
ee “a Lind Ge Gaey -lt pena 
ie) parr D hie ms beams fort ae. 


Veiesind> 
ee er A dea ying eA Rue grup) 
pas << oS cat en ened nih ig bay as pein 


edbitione Vireg bhirkigs eo ent sewed ss di 
- BU sade i ee fo) aby = 


— — . 

“ sigs Wipes 1H hentia our 
eg ei dy| cient ac6O rerprey 

tte ee ha Abie oe" eres 


in ae a ive wit ae 
ee ital AeA ata raat i tap bee a 
im See te ip adore peat 


ae 
a 


~ 


shape or orientation of elements (Levi & Schiff, 1966, cited 
in Bentzen, 1980). Gill (1973) found that a discriminable 
elevation for point symbols is 0.85 mm. Wiedel and Groves 
(1969) found that 0.51 mm is a discriminable elevation for 
Braille dots; 1.52 mm, for point symbols and 1.02 mm, for line 
and texture symbols. 


Proximity 

Textures should not interfere with point or line symbols 
when used together (Berla & Murr, 1975, cited in Bentzen, 
1980). 


Intersection 

The intersection of lines is discriminable if the lines are 
notably different and if one line is broken at the point of 
intersection (Schiff & Levi, 1966, cited in Bentzen, 1980.) 


Spacing 

A minimum space of 2.3 to 3.8 mm between point symbols has 
been suggested by Schiff (1982). The spacing between dots in 
a line identifies lines, but the spacing between dashes in a 
line does not (James & Gill, 1975). 


Orientation 

For direction to be a discriminable feature, the scanning of 
texture symbols must occur in many directions (Schiff, 1966, 
cited in Nolan & Morris, 1971). Orientation should not be 
used as a discriminable feature in point or texture symbols 
(Pick, Klein & Pick, 1966, cited in Schiff, 1982). 


Indexing 

Adding (Braille) labels often increases problems of tactile 
clutter (Wiedel & Groves, 1969). Information may be 
presented on an underlay (Kidwell & Grier, 1973) or 
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overlay, such as the grid margins (Armstrong, 1973), or other 
reference devices. Map legends should occupy a standard 
location (Armstrong, 1973). 


Developing a proposed symbol system 

Taxonomy of symbol features 

A programme for generating point, line and texture symbol 
features was developed in consideration of the formal guidelines 
suggested above. A taxonomy chart was devised (Fig. 3.1) which 
classified the following basic features and configurations of abstract 
symbols: symbol group, frequency of features, shape of features, 
dimensions of features, elevation of features, delineation of features, 
configuration of features, relationship between features, rhythm of 
features, density of features and orientation of features. The 
"configuration" classifications were adapted from Ching’s book on 
order in architecture (1979). 

Generation of symbols 

Numerous possible symbols were generated by combining various 
features of the taxonomy chart. Specific guidelines for dimension and 
spacing outlined above were considered in the choice of symbol 
configurations comprising a testable set. 

Selection and production of acceptable symbols 

Fifteen symbols in each of the point, line and texture groups were 
selected among dozens of generated symbols as those which comprised 
the set with the most contrast between symbols. (A taxonomic 
description of some of the selected symbols can be found in Fig. 3. 2 .) 
These, along with some alternatives, were rendered graphically for 
photo-reproduction to be used in the photo-etching process (Appendix 
A.1). Symbols featured thin lines to accommodate the change of line 
thickness that would occur in the production process. This photo- 
graphic master was used to photo-etch the symbols into two 18 x 24 
inch zinc plates with nitric acid, one to a minimum depth of 
approximately 0.5 mm and one to a maximum depth of approximately 
1.0 mm. These plates were used to test symbol impression in both the 
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vacuum forming and mechanical embossing processes. Neither process 
gave an optimal result in terms of impression, so an initial symbol set 
was hand-embossed onto coated Iconofix paper by pressing styluses 

of different widths into the etched zinc plates. (Further testing would 
be required to determine the best mechanical process for symbol 
production.) The hand-embossed symbols were then inspected 
informally through the sense of touch to determine a potentially 
effective set for testing. Refinements were made based on further 
informal tactile observations. A final set of hand-embossed symbols 
(Fig 3.3) was prepared. From these 240 point symbols, 240 line symbols, 
and 240 texture symbols, testing materials for pair comparisons were 
prepared according to the method described in Section 4. 
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Fig. 3.1 

Taxonomy chart of basic features 
and configurations of abstract 
tactile symbols 

* sequence is repeated as 
necessary for symbols with 
multiple features 


A Symbol group 


B Frequency of 
feature(s) 


C Shape of 
feature(s) 


D Dimensions of 
feature(s) 


E Elevation of 
feature(s) 


F Delineation of 
feature(s) 


G Configuration of 
feature(s) 


H Relationship 
between features 


| Rhythm of 
features 


J Density of 
features 


K Orientation of 
feature(s) 


1 point...B 
2 line...B 

3 texture...B 
4 single...C 


multiple>>>>>>>>>> 


5 homogenous...C 
6 heterogenous...C™ 


7 curvilinear...D 
8 angular...D 
9 composite...D 


10 large...E 
11 small...E 
12 composite...E 


13 high...F 
14 low...F 
15 composite...F 


16 solid...G 
outline>>>>>>>>>>> 17 continuous...G 


18 interrupted...G 


19 singular...K 
20 centralized...H 
21 linear...H 

22 radial...H 

23 spiral...H 

24 grid...H 

25 composite...H 


26 unconnected...| 
connected>>>>>>>> 27 intersecting...| 


28 not intersecting... 


29 random...J 
ordered>>>>>>>>>>> 30 symmetrical...J 
31 asymmetrical...J 


32 high...K 
33 low...K 


34 neutral...A 

35 multidirectional..A 

unidirectional>>>>>>> 36 vertical...A 
37 horizontal...A 
38 diagonal...A 
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A1 point 

B5 multiple, homogenous 
C8 angular 

D10 large 

E13 high 

F16 solid 

G22 radial 

H26 unconnected 

130 ordered, symmetrical 
J33 low 

K35 multidirectional 
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C8 angular 
D11 large 
E14 low 
F16 solid 


G21 linear 

H26 unconnected 

130 symmetrical 

J33 low 

K36 unidirectional, vertical 


AS texture 

B6 mutliple, heterogenous 
C7 curvilinear 

D12 composite 

E15 composite 

F16 solid 

G25 composite 

H28 not intersecting 
129 random 

J32 high 

K34 neutral 


Fig. 3.2 

Example of taxonomic description 
used to generate symbols 

(shown at actual size) 
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Fig. 3.3 
Proposed symbols to be tested 
(shown at 50% actual size) 
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Evaluation 

Testing the 
discriminability of 
the proposed symbols 


The relative discriminability of the proposed tactile symbols 
was evaluated according to the quantitative and qualitative methods 
described below. 


Purpose 

The objective of the testing was to evaluate the relative 
discriminability of a proposed tactile symbol set of 15 point, 15 line 
and 15 texture symbols in order to determine which subsets of each 
group might be employed in the design of maps for the visually 


impaired. 


Method 

The relative performance of symbols was tested in a series 
of pair comparisons by sighted and visually impaired subjects, who 
examined the symbol pairs through the sense of touch with their 
hands under a vision barrier. Three random orders of the 120 possible 
pairs were balanced over twenty-one comparisons undertaken in each of 
the three symbol groups. Subjects were asked to judge if each symbol in 
each pair was the same as or different from the other. For an allied 
measurement, they were also asked whether they were confident in 
their answer. No time limit was imposed and subjects were encouraged 
to take breaks as needed. 


Subjects 

Thirty-eight volunteer sighted, partially sighted and blind 
subjects participated in the testing. They were between 18 and 64 years 
old and varied widely in education and vocation. Twenty-one of the 35 
sighted subjects were female, 14 were male. The partially sighted 
subject was male. Of the 2 blind subjects, one was female, one was male. 
None of the sighted subjects had any training in reading Braille. The 
partially sighted subject used optic aids daily to extend his remaining 
vision and did not use Braille materials, although he was trained to 
read them. The two blind subjects maintained their skill in reading 
Braille. A large number of tactually inexperienced sighted subjects 
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were involved due to the small number of available, visually impaired 
persons. Horsfall and Vanston (1981) support the use of sighted subjects 
in tactile experiments on the basis that the tactile abilities of blind 
subjects would not vary greatly from those of sighted subjects. 


Materials 

Fifteen surfaces in each of the point, line and texture groups 
were developed according to the programme described in Section 3. 
Test materials were prepared by hand-embossing 16 copies of each of 
the proposed 45 symbols onto coated paper, using photo-etched zinc 
plates as masters (Appendix A.1). The resulting 120 symbol pairs in the 
point, line and texture groups were numbered for ease of identification 
and arrangement according to their position on a master matrix of pair 
comparisons (Appendix A.2). For each of the symbol groups, test pair 
tiles were prepared to accommodate the comparison between each 
symbol with itself and all other symbols in its group (Fig. 4.1). Each 
pair of embossed symbols was glued to lightweight tiles made of 
Fomecor, a presentation material consisting of pressed foam, covered on 
both sides with coated paper. The tiles were stored in an upright 
position in trays for easy access. 

Point symbol pair tiles 

Each point symbol was hand-embossed onto the center of a 
2.5 x 2.5 cm square of Iconofix coated paper. Each of the 120 required 
symbol pairs was glued to one face of a 7.5 x 2.5 x 0.5 cm Fomecor tile, 
separated by an area of 2.5 x 2.5 cm. 

Line symbol pair tiles 

Each line symbol was hand-embossed onto the horizontal centre 
of a 10.0 x 5.0 cm rectangle of Iconofix coated paper. Each of the 120 
required line pairs was glued to one face of a 22.5 x 5.0 x 0.5 cm Fomecor 
tile, separated by an area of 2.5 x 5.0 cm. 

Texture symbol pair tiles 

Each texture symbol was hand-embossed onto the entire surface 
of a 5.0 x 5.0 cm square of Iconofix coated paper. Each of the 120 
required texture pairs was glued to one face of a 12.5 x 5.0 x 0.5 cm 
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Fig. 4.1 

Photograph showing examples 
of symbol pair tiles produced for 
testing 


Fomecor tile, separated by an area of 2.5 x 5.0 cm. 43 

Vision barrier 

A vision barrier was designed to ensure that the symbol pairs 
would be inspected through touch alone by the sighted and partially 
sighted subjects (Fig. 4.2). It was not used with the two completely 
blind subjects, who depended wholly on the sense of touch for 
discrimination. Four notched Fomecor panels were fitted together to 
form the structure, which resembled a table top lectern and sloped 
down towards the seated subject. The base of the barrier supported the 
structure and featured a cut-out guide which held the pair tiles in 
place while subjects examined the embossed surfaces actively with 
their fingertips (Fig. 4.3). Subjects were able to place their hands under 
the low front opening, which was wide enough to accommodate free 
hand movement, but low and long enough to obstruct their view of the 
pair tiles and of their hands. A high and wide opening at the back 
allowed the experimenter access to the tile guide, but concealed the 
placement of the pair tiles from the subject. 

Response sheets 

Nine forms were designed to accommodate answers to the 
questions of comparison and confidence for all symbol pairs tested, in 
three random orders of three symbol groups (Appendix A.3 to A.11). 
The questions were arranged in rows of six to provide an easily 
searched array for the experimenter to monitor the pair orders and 
mark responses. These forms were easily scanned for analysis after the 


testing. 


Procedure 

Test situation 

The testing was done in rooms that offered as little distraction as 
possible. Subjects were asked to sit facing the experimenter and in front 
of the vision barrier, which rested on a table (Fig. 4.4). They were 
encouraged to assume a comfortable position. After the first test by the 
first subject, an office chair was replaced by a more comfortable 


drafting chair. 
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Fig. 4.2 
Photograph showing the vision 


barrier produced for testing 
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Fig. 4.3 
Photograph showning tile quides 
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Fig. 4.4 
Photograph showning testing 


situation 


Test description 
A prepared statement was read to each subject prior to the testing 
which briefly described the test as follows: 


Thank you for participating in this test. 
My name is .... 
I will begin by reading a description of the test. 


You are helping to test a proposed set of raised 
symbols to be used in the design of raised or 
tactile maps for the visually impaired. 

It is important for you to realize that it is the 
performance of the symbols that is being tested, 
and not your performance. 


The purpose of the test is to determine which 
symbols are most easily distinguished through 
the sense of touch. 


The symbols are made up of one or more elements 
which may vary from symbol to symbol in terms 
of size, shape, number, spacing and height. 

They rest on backgrounds of the same size. 


Participants are asked to feel and compare pairs 
of raised point symbols, line symbois or texture 
symbols. In this case, you will be examining: 
(Point symbols, which may be used on maps to 
locate landmarks. They are made up of one or 
more elements.) 

(Line symbols, which may be used on maps to 
show paths or boundaries. They are straight lines 
made up of one or more elements.) 
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(Texture symbols, which may be used on maps to 
show specific areas. They are patterns made up of 
one or more elements.) 


You will examine the symbol pairs, under this 


vision barrier, using fingers of one or both hands. 


At this point, subjects were invited to or physically guided to place 
their hands under the vision barrier on the first pair tile to be 
compared. The vision barrier was moved if necessary to facilitate a 
comfortable sitting position when arms were extended for pair 
examination under the barrier. When subjects were comfortably 
positioned and familiar with where pair tiles would be placed, the 
description of the test continued as follows: 


Be aware that heavy pressure may dull the sense 
of touch. It may be useful to explore the samples 
lightly, moving your fingers in a circular motion, 
up and down, and from side to side, in the same 
direction if you like. 


In each case you will be asked 2 questions; 


The first question is 

"Do the samples feel the same or different?" 
The second question is 

"Are you confident in your answer, yes or no?" 
The second question will help to determine 
whether samples are easily distinguished or not 
easily distinguished. 


There is no time limit, and you are welcome to 
take a break at any time. 
Do you have any questions? 
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At this point, testing began with the examination of the first symbol 46 
pair already in place under the vision barrier. 

Testing 

The sequence of the symbol pair tiles was determined according to 
the three random orders employed. Seven tests were done with the 
first random order, seven tests with the second random order and seven 
tests with the third random order for the point symbol pair 
comparisons; the same was done for the line and the texture symbol 
pair comparisons. 

In each of the 63 tests, 120 possible pairs were compared, one after 
the other, according to the relevant random pair order. Each pair tile 
was taken from the front of the point, line or texture tile tray and 
placed in the tile guide on the base of the vision barrier. Subjects were 
permitted to examine the pair tiles out of the guide as long as the tiles 
remained under the vision barrier. As mentioned, the two totally blind 
subjects examined the pair tiles without the vision barrier or tile 
guide. 

In each pair comparison, the subjects were asked whether the 
symbols felt the same or different and if they were confident in their 
response. After the first few questions, most subjects responded without 
needing the questions: "same-yes", "same-no", "different-yes", or 
"different-no". It was not insisted that subjects wait for the questions 
because the questions annoyed some subjects by delaying their 
responses. The two-part response for each pair comparison was circled 
next to the pair number on the response sheet. As soon as a response was 
given for each pair, the pair tile was taken out of the guide and placed 
at the back of the tile tray to keep a consistent arrangement for the 
next test with the same random order. 

The experimenter was required to check every pair number 
on the tiles against the order on the response sheet to ensure that the 
responses were noted correctly for each symbol pair. No time limit 
was imposed and breaks were encouraged, but rarely taken. The time 
required for comparing 120 pairs in any symbol group varied from 
15 minutes to 120 mintues. The average test time, without breaks, was 
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approximately 35 minutes. 

At the end of each test, subjects were asked if they had any 
comments to make and if they had not already done three tests, 
whether they were interested in participating in another symbol test. 
Sighted subjects were not permitted to see the pairs unless they were 


not intending to participate in any more tests. 


Discussion of test results 

This testing was done primarily to determine the 
discriminability of symbols within the point, line and texture groups. 
Two types of data were collected during the pair comparisons: 
quantitative scores that were based on frequencies of confusion and 
qualitative notations that were based on general observations. 

Performance ranking 

Based on test results collected (Fig. 4.5, 4.6 and 4.7), two confusion 
matrices were prepared for each of the point, line and texture groups. 
One type showed only the frequencies of confusion (Fig. 4.8, 4.9 and 
4.10) and the other showed frequencies of confusion in alliance with 
confidence factors (Fig. 4.11, 4.12 and 4.13). These were used in two 
different methods to determine scores for ranking the relative 
performance of individual symbols. 

In the first ranking method, the relative performance of 
individual symbols was determined by calculating the total number of 
confusions for each symbol in all of its occurrences. (Each symbol was 
presented 15 times in 21 tests for a total number of 315 occurrences.) 
Symbols were ranked according to the number of times that they were 
confused with themselves or other symbols in all of their occurrences 
(Fig. 4.14, 4.15 and 4.16). This method is similar to the "rank order 
distribution" obtained by Culbert and Stellwagen (1963, p. 548) in their 
study of texture symbols. A similar performance ranking was discussed 
by Karentz (1977) in her study of the discriminability of tactile 
symbols in different materials. 
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In the second ranking method, an allied confidence measure 4.8 

was recorded and considered in addition to simple frequency counts. 

A confusion score was determined by attaching an arbitrary grade 

to confusions which ranged, in descending order, from most significant 
to least significant. A "confusion with confidence" response was 
assigned a grade of 3. A "confusion without confidence" response was 
assigned a grade of 2. A '"non-confusion without confidence" response 
was assigned a grade of 1. A "non-confusion with confidence" response 
was assigned a grade of 0. This ranking method is considered to be a 
more accurate measure of individual symbol performance than the first 
ranking method, although the results were similar for both. 

Regardless of performance ranking, no symbols were discarded, 
since only a small subset of any symbol group would be employed in 
maps for the visually impaired. In this way, no potentially effective 
combinations were overlooked. Symbols which did not perform well in 
combination with the other 14 in the group can still be effective in 
certain smaller subsets. 

Further arbitrary measures may be applied to determine a 
quantitative threshold of relative discriminability of the proposed 
symbols. Fifteen point symbols, 10 of the 15 line symbols and 14 of the 
15 texture symbols met the criteria of being discriminable in more than 
95% of the 315 total occurrences (Fig. 4.17). If we were to apply the 
strict criteria of Nolan and Morris (1971) - that the confusion of a 
symbol acceptable by the above measure, with itself or any other 
symbol, must be 10 % or less - then the number of acceptable symbols 
would be drastically reduced due to the high number of confusions that 
occurred when symbols were compared to themselves (Fig. 4.18). 

This high self-confusion phenomenon might relate to differences 
in function between the fingers of the left and right hands and to 
problems in manufacturing identical copies. Nolan and Morris (1971) 
reported this phenomenon in tests with visually impaired grade- 
school children and suggested that it might be due to the subjects’ 
concentrating on finding differences in comparison. They proposed that 
subjects would look for likeness instead of difference in a map reading 
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situation. Jansson reported in 1983 that this frequently seen self- 49 
confusion phenomenon had still not been fully investigated or 
understood. 

Given the uncertainties reported concerning the self-confusion 
phenomenon reported in tests similar to this one, the Nolan and Morris 
measure would not be applied to the selection of symbols for use in 
maps. However, it would be considered in selecting symbols to represent 
hazards or critical landmarks. Additional criteria for the selection of 
symbols would be based on their compatibility with the environmental 
features that they would represent. 
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Point Snbsl pairs 
Matrix showing the distribution Wy = confident confusion 3 x W 
of discrimination confusions in Wn = non-confident confusion 2x Wn 
21 tests. Rn = non-confident non-confusion 1x Rn 
The number of confusions without The number of confusions 


including a confidence measure 
was calculated by adding Wy and 
Wn. The results were entered into 


the confusion matrix in Fig. 4.8. 


including a confidence measure 
was calculated by multiplying 
the different classes of 
discrimination confusions by an 
arbitrary grade. The sum of 
these grades was entered into 


the confusion matrix in Fig. 4.11. 
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Fig. 4.6 


Line symbol pairs 


Matrix showing the distribution Wy = confident confusion 3 xW 
of discrimination confusions in Wn = non-confident confusion 2x Wn 
21 tests. Rn = non-confident non-confusion 1x Rn 


The number of confusions without 
including a confidence measure 

was calculated by adding Wy and 
Wn. The results were entered into 


the confusion matrix in Fig. 4.9. 


The number of confusions 
including a confidence measure 
was calculated by multiplying 
the different classes of 
discrimination confusions by an 
arbitrary grade. The sum of 
these grades was entered into 


the confusion matrix in Fig. 4.12. 
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Texture symbol pairs 


Matrix showing the distribution | Wy = confident confusion 3 x W 
of discrimination confusions in Wn = non-confident confusion 2x Wn 
21 tests. Rn = non-confident non-confusion 1x Rn 


The number of confusions without The number of confusions 

including a confidence measure including a confidence measure 

was calculated by adding Wy and was calculated by multiplying 

Wn. The results were entered into the different classes of 

the confusion matrix in Fig. 4.10 discrimination confusions by an 
arbitrary grade. The sum of 
these grades was entered into 
the confusion matrix in Fig. 4.13. 
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Fig. 4.9 1 yen 6 00) 
Line symbol pairs 2 (10) 5 (13) 
Matrix showing the number 3 (12) va (1) 
of discrimination confusions 4 (8) 7 (15) 
in 21 tests. 5 (9) 8 (4) 
6 (23) 9 (5) 
Ree 7 (12) 10 (2) 
Performance ranking based on 8 (21) 12 (3) 
the ne ne of bai 9 (23) 12 (7) 
ie ah eee of ie 10 (13) 13 (10) 
occurrences, arrange 
: 11 (2) 20 (12) 
(a) symbol number and 
(b) 12 (20) 20 (14) 
confusion score. 
13. (5) 21 (8) 
14 (20) 23 (6) 
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Fig. 4.10 1 (4) 1 = (10) 
Texture symbol pairs 2a) 4 (1) 
Matrix showing the number 3 (20) 5 (2) 
of discrimination confusions 4 (9) 5 (8) 
in 21 tests. 5 (11) 5 (9) 
6 (11) 9 (4) 
Right ye ABIES 10 (13) 
Performance ranking based on 8 (5) 11 (5) 
the ce ate of aii 9 (5) 11. (6) 
of each symbol in all of its 10 (1) 12 (7) 
315 occurrences, arranged by 
11 (13) 12 (12) 
(a) symbol number and 
(b) confusion score. 12 (12) 12 (14) 
13. (10) 13 (11) 
14 (12) 13 (15) 
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Fig. 4.11 
Point symbol pairs 


Matrix showing the number of 
discrimination confusions, 

in alliance with a confidence 
measure, in 21 tests. 


Right: 

Performance ranking , including a 
confidence measure, based on 

the total number of graded 
confusions of each symbol in 

all of its 315 occurrences, 
arranged by (a) symbol number 
and (b) confusion score. 
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Fig. 4.12 1 (19) (11) 
Line symbol pairs 2 (32) Tay (13) 
Matrix showing the number of 3 (41) 19 (1) 
discrimination confusions, 4 (23) 23 (4) 
in alliance with a confidence 5 (28) 23 «(15) 
measure, in 21 tests. 6 (71) 28 (5) 
7 (42) 32 (2) 
Eads Ack 8 (65) 41 (3) 
ag aaclogs ranking, including a 9 (64) 42 (7) 
confidence measure, based on 10 (43) 43 (10) 
the total number of graded 
11 (6) 63 (14) 
confusions of each symbol in 
all of its 315 occurrences, tz 63) Bo Me 
arranged by (a) symbol number 13 (17) 65 (8) 
and (b) confusion score. 14 (63) 65 (12) 
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Fig. 4.13 
Texture symbol pairs 
Matrix showing the number of 
discrimination confusions, 
in alliance with a confidence 
measure, in 21 tests. 


Right: 

Performance ranking, including a 
confidence measure, based on 

the total number of graded 
confusions of each symbol in 

all of its 315 occurrences, 
arranged by (a) symbol number 
and (b) confusion score. 
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Performance ranking of 


point symbols; confusions only 
(shown at 50% actual size) 
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Fig. 4.15 

Performance ranking of 

line symbols; confusions only 
(shown at 50% actual size) 
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texture symbols; confusions only 
(shown at 50 % actual size) 


Performance ranking of 


Fig. 4.16 
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Fig. 4.17 
Proposed symbols discriminable 


in 95 % of total occurrences 
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Fig. 4.18 

Proposed symbols discriminable 
according to the criteria of Nolan 
and Morris (1971) . 


General observations 4.10 

It is not apparent how personal differences in test subjects may 
have physically and perceptually affected their discrimination of the 
tactile symbols. All of the available information that could affect 
discrimination was collected during these tests. Visual status, Braille 
reading experience, age and sex of each of the test subjects was noted as 
well as the random order of pair presentation and the order of tests 
done by subjects who completed two or three different tests. These 
variables were not being tested specifically, however, and only some 
very general subjective observations will be made here. 

When subjects were confident in their responses, they required less 
time to complete a test. However, the time taken to finish one test was 
not indicative of the frequency of confusion in symbol comparisons. One 
subject completed all of the point symbol pair comparisons with no 
confusion in 20 minutes while another did the task without confusion in 
120 minutes. 

Subjects employed a variety of strategies to actively examine the 
test pairs. These can be divided generally into three categories: 
sequential, stimultaneous and combined. Sequential examination was 
characterized by the use of fingers of one hand to explore both symbols 
or to guide the exploration of the other. Simultaneous examination was 
characterized by the use of fingers of both hands to scan the details of 
both symbols in the pair at the same time, usually in the same 
direction. Confusion occurred when some line and texture symbols were 
scanned simultaneously in opposite directions, creating a mirror-image 
effect. This indicates that symbols with asymmetrical configurations 
or irregular rhythms may cause discrimination problems for some 
individuals. Some subjects employed both sequential and simultaneous 
strategies to gain optimum information or to counter-balance an 
apparent difference in perception when using the fingers of either their 
left or right hand. 

Discriminability of symbols seemed to depend largely on the 
recognition of individual symbol features. Some subjects came to quick 
decisions that seemed to be based on a sensory response, while others 
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appeared to apply rigorous and analytical problem-solving techniques 
until they became confident with their decision. 

Many sighted and visually impaired subjects were able to 
identify symbols that were displayed time after time. From their 
comments, it was evident that the ability to visualize, memorize or 
otherwise internalize symbols was directly related to the ability 
to recognize them. Subjects described specific traits of tactile symbols 
which make them discriminable or recognizable. These are 


summarized below: 


Point symbols 

Subjects reported a preference for simple configurations 

with features that can be easily identified. Although it was 
not intended, rotation was a perceived symbol variable, 
particularly in symbols with radiating arms. 


Line symbols 

Subjects sometimes read the irregular rhythm of features in 
line symbols as a directional cue. They also sometimes 
confused line symbols with each other when they read them 


using a mirror-image scanning strategy. 


Texture symbols 

Mirror-image reading also caused confusion for subjects in the 
discrimination of texture symbols as well as line symbols. 
The perception of texture symbols appeared to be related 
either to the sensation of the tactile symbol or to the 


identification of individual features. 


General comments 

Identification of symbols seemed to be satisfying for many 
subjects and many responded to aesthetic qualitites in the 
symbols. For, example, line symbol L6 was described as a 
pleasing symbol more than once. It featured regular, densely 
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arranged short vertical lines and also ranked at the top of 4.12 
its group for the least number of confusions with itself or any 

other symbols. Texture symbol T4 was considered to be 

unpleasant to touch in more than one case. It featured an 

irregular pattern of dots of different dimensions and 

elevations, some of which were connected in some way. It 

ranked fourth in terms of the least number of confusions with 

itself or any other symbols in all occurrences. 


Implications 

The discrimination and the recognition of tactile symbols seem to 
be two very different but related processes which must be addressed in 
the design and use of maps for the visually impaired. Discrimination 
seems to be based on a combination of structural and textural features. 
Recognition appears to be related to the memorization of simple, 
unique features. 

All symbols in the proposed symbol set are legible to different 
degrees. The matrices and resulting performance ranking facilitate 
the determination of effective symbol subsets for application in the 
design of maps. The results of this testing show that while most 
symbols in the point, line and texture groups are highly discriminable 
when compared to other symbols, they have a good chance of being 
confused with themselves. The reason for these self-confusions must 
be understood. Tests should be developed to measure the recognition 
of these symbols in actual situations where the symbols must be 
identified both in a legend and on a map. Recommendations for 
additional study and testing are outlined in Section 6. 
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5 

Application 
Designing a 
visual/tactile map 


The symbol set evaluated in Section 4 is applied to the design of a 
visual/tactile map for the visually impaired. The design method 
outlined here involved the consideration of criteria for the design of 
visual/tactile maps in relation to the determination of (1) the specific 
purpose of the map, (2) the profile of potential users, (3) appropriate 
content, (4) symbol selection, (5) production, (6) training for use and 

(7) evaluation. Availability is discussed as well as environmental cues 
which might be keyed to the map. 


Specific purpose 

One of the needs identified by a group of blind and partially 
sighted individuals (Orientation and mobility support group meeting, 
August 1988) is access to information about the specific layout and of 
bus transfer points. The transit zone at the University of Alberta was 
chosen as an example of such a situation made more complex by traffic 
moving freely throughout. In this situation, it is confusing that 
University to Downtown buses do not leave from the same side of the 
street or proceed in the same direction. Only a legend of the Downtown 
buses can be included as bus locations are not constant. 


User profile 

This map was designed for use by haptically capable, motivated, 
independent travellers with little or no remaining vision who are non- 
Braille readers and have knowledge of the configurations of the 
conventional printed alphabet. Tactile symbols were employed to 
enhance the visual information available to them. 


Content 

Information to be contained in the map was determined by 
surveying the region to be mapped on foot, as suggested by Nolan and 
Morris (1971). Enough information needed to be included on the map to 
provide critical information without creating conflicting signals in 
communication. The following landmarks and hazards were considered 
necessary to this map: bus zone, bus shelter, specific bus number 
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information, curb breaks, road, crosswalks and the location of adjacent 
buildings. A reference system of labels and legends was developed. 
A reference to direction was included. 


Symbol selection 

The selection of symbols to be used in the map was based on the 
discriminability performance as measured by this study and on 
compatibility with environmental features. The best performing 
symbols in a group were used to represent the most critical features. 
Labels in large types were included. 


Production 

The prototypical map was produced through the photomech- 
anical process onto acetate, hand-embossed and painted from behind 
(Fig. 5.1). An optimum production method does not yet exist for these 
types of maps. With intensive testing and experimentation, one could 
be produced commercially through the embossment, vacuum forming or 
added texture production processes. Both visual and tactile inform- 
ation would have to developed for use in these separate processes. 


Training 

The intended use of this map is to facilitate maneuvering in this 
specific environment for a specific purpose. For this reason, it is likely 
that this map would be used at home to learn or memorize the layout 
prior to travel. This map would require some training from specialists 


or helpers for optimum efficiency. 


Availability 

Due to the expense of producing individual maps for specific 
situations, it is worth considering the development of a complete map 
system from which segments could be produced as needed. 
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Environmental cues Se) 
A map of this sort would be most useful if visual and tactile cues 
would relate the environment to the map. In this way, travellers could 
check their progress against such things as large embossed signs or 
changes in texture on their travelling surface. 


Evaluation 

The effectiveness of this prototypical map should be evaluated 
before it could be produced commercially. Ease of use, in terms of size, 
information content and symbol discrimination must be determined 
through interviewing and testing. 
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Fig. 5.1 

Prototypical map 

(Actual size 11 x 17 inches , 
shown here at 40 %) 


6 
Recommendations 


Recommendations for further testing and study in relation to the design 
of maps and other information aids for the visually impaired are 
outlined here within the context of visual communication design and 
associated disciplines. 


Proposed symbol set 

The proposed symbols could be improved to increase their 
discriminability in terms of the elevation, spacing and size 
of elements. Further testing is required to evaluate the 
performance of the present symbols in terms of recognition 
and context. A method of evaluating the compatibility of 
the proposed symbols with their intended referents should 
be developed if compatibility is indeed a factor in the 
discriminability or recognition of tactile symbols. Production 
methods should be investigated to determine which 
materials enhance the discriminability of the proposed 
tactile symbols. The performance of symbol groups in 
relation to each other must be evaluated in empirical and 
applied tests to determine highly discriminable 


combinations. 


Application to informational and educational aids 

The map designed for this project should be tested in an 
actual map reading situation. The application of the tactile 
symbols to educational aids for the visually impaired 
should be studied to determine guidelines for improvement. 
Specifications for training the visually impaired in the use 
of informational and educational aids must be developed. 
For example, games employing the proposed symbol set, such 
as tactile dominoes, could be developed to teach recognition 
skills. Other games or exercises could be developed to teach 


efficient scanning strategies. 
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Potential of visual/tactile information 6.2 
The information potential of visual/tactile symbol 

systems must be studied further, especially in relation to 
critical situations. Personal information aids for the 
visually impaired featuring both printed and raised 
symbols should be studied to determine criteria for the 
design of personal information aids for the visually 
impaired. The feasibility of producing maps of bus routes, 
neighborhoods and cities must be determined to make such 
aids accessible to the largest number of visually impaired 
individuals. The installation of raised environmental cues 
could be considered, with or without reference to maps. 
Input in the development of improved information aids for 
the visually impaired must come from potential users in 
combination with interdisciplinary teams of designers and 
researchers. 
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7 
Conclusion 


This thesis project report has described the development of a proposed 
system of tactile symbols intended for use in the design of maps for the 
visually impaired. Although these tactile symbols were developed 

for use in maps, they can be applied to the design of other 
informational and educational aids for the visually impaired. Further 
study and testing in the area of information aids is recommended in 

an effort to increase the visually impaired person's access to critical 
information. This should be done by interdisciplinary teams of 
potential users, psychologists, cartographers, teachers, orientation and 
mobility specialists, industrial designers and visual communication 


designers. 
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onto 18 x 24" zinc plates for embossing; 
also cut into 9 x 12" panels for vacuum 
forming. Alphabets included for supple- 
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(shown at 40 % actual size) 
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texture groups. 
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Random order 1 


Date 
Tester 


Name? 


Sex m f 
Age? 
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35-44 45-54 
55-64 65-74 


Vis impaired y n 
Braille reader? y n 


Do the samples feel the 
same or different? 
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Are you confident in 
your answer? 
pes or NO? yn 
N 


Thank you. (BST) 
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Thesis project 

This exhibition documents 
the design of a proposed 
system of tactile symbols for 
use in the design of maps 
for the visually impaired. 
These symbols could also 
be applicable to the design 
of other information aids for 
the visually impaired. 
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Introduction 


Terms 

Visually impaired describes people with 
a variety of visual disabilities whose level 
of usable vision ranges from partial to 
non-existent. Blind refers to individuals 
having no functional sight. 


Visual pertains to the sense of sight, and 
tactile and haptic, to the active, explor- 
atory sense of touch. 


Orientation aid denotes any information 
device, such as a map, which enables 
people to function or travel confidently in 
any environment. 


Map describes a graphic representation 
of spatial configurations generally 
indicated with point, line and area 
symbols. 


Graphic refers to marks or characters 
made on a printed or raised surface. 
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Method 

This exhibition is arranged in four parts, 
which correspond to the design method 
used in this thesis project. 
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Background 

Visual communication designers are 
responsible for developing graphic 
materials to facilitate the perception of 
needed information. When conventional 
printed aids are not usable, for example, 
by individuals with visual impairments, 
alternative designs must be developed. 
Informaton which can be perceived 
through both vision and touch is one way 
of extending access to critical information 
for the visually impaired. 
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Problem 

Orientation is a critical information 
problem for individuals with low 

vision. Researchers and potential users 
agree that graphic orientation aids, such as 
maps, which provide both printed and 
raised information are useful tools in 
learning spatial concepts and in planning 
travel routes. However, few of these 
visual/tactile maps are actually used when 
they are available. The design, production 
and training in use of these maps must be 
studied to determine how they could be 
improved. 

In this project, the design of visual/ 
tactile maps was analyzed to determine 
areas for improvement. The presentation 
of the tactile information in maps for the 
visually impaired was studied in particular. 
One factor possible affecting the 
effectiveness of maps for the visually 
impaired, is that tactile symbols are often 
converted from conventional printed 
graphics and not designed specifically for 
tactile discrimination. 
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Proposal 

A system of 45 tactile surfaces consisting 
of 15 point, 15 line and 15 texture symbols 
was developed for use in the design of 
maps for the visually impaired. These 
symbols were generated in consideration 
of criteria collected mainly from empirical 
studies on tactile perception. These 
symbols were tested for discriminability 
and graded in terms of performance to 
provide a means of selection for use in 
maps. 
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Application 

A sample map which incorporates some 
of these symbols in combination was 
designed to demonstrate how the results 
of this project might be applied. Recom- 
mendations for further study, testing and 
application have been outlined to provide 
starting points for further development in 
the design of information for the visually 
impaired. 


tutn postes ss pene panies 
a! heen oy Rani esd sunt b netnsti4s 
rit iimesnerel ‘i ct! ant SmiyTs 

lowe alt ars peebrwoted 20; aah 31 
Bogs 


Background 


Information aids for the visually impaired 


Designing critical information 

One of the most significant challenges 

to visual communication designers in 
association with specialists in other dis- 
ciplines, is to develop materials that will 
extend the human ability to perceive 

and use critical information, that which is 
essential to an individual's health, safety 
and general well-being. Safety instruction 
manuals, food and drug labels, transpor- 
tation schedules and travel maps are a 
few of the aids that people can consult to 
find critical information. 
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Alternatives to conventional aids 
Alternative modes of information retrieval 
are required for the visually impaired 
when restrictions in vision interfere with 
their ability to use conventional aids which 
cater to the fully sighted. 


Visual impairment 

About one in every hundred Canadians is 
visually impaired. Of these, only about one 
third are considered legally blind, meaning 
having less than 10% of normal vision. 


Visual impairment can result from birth 
defects, accident or disease. Many dis- 
eases causing low vision occur later in life 
and therefore affect more seniors than 
other age groups. 
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Visual impairment can be characterized as 
two basic condition, the loss of visual 
acuity and the loss of field of vision. 


The loss of visual acuity affects the sharp- 
ness of vision and results in seeing blurred 
images. This is commonly called blurred 
vision and affects 90% of visually impaired 
Canadians. 


The loss of field of vision affects the whole 
view when looking straight ahead and is 
commonly called tunnel vision because 
peripheral vision is blurred or lost. In other 
cases, a blind spot may occur in the mid- 
dle of the visual field. The loss of field of 
vision affects 10% of visually impaired 
Canadians. 
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The extent to which the loss of vision 
affects a person's normal functioning de- 
pends on the severity of the impairment 
and how much vision he or she actually 
requires to perform specific tasks. 


Sometimes equality means treating 
people the same, despite their differ- 
ences, and sometimes it means treating 
them as equals by accommodating 
their differences. 


R. S. Abella 
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Visually impaired individuals must con- 
tinually attempt to fit into a world that 
generally accommodates vision. They are 
encouraged to make use of their remain- 
ing vision to access visual information. 


Many blind and partially sighted people 
learn to use perceptual alternatives to 
vision to gather information about their 
environment through the sense of hearing, 
the sense of smell and the sense of touch. 


ay: I ia 9 y i hs aD ’ 
. 7 7 ; <4 avs ri 

| at 
ott tir oh 


a sm - 
nines Gert ty 20 BS ene 
Shug: 225995 OF core orm 


nit iwkK . 
signer Seaglte withittey hte Gil yal 
ot esviboryn Laurie, sbi). OF 1150! 
9c) Junge bras Ant 29nieR OF noize? 
teed satipe S07 gout Inemnotiv ns 
jut 49 Senger Ure ligne be sense oiii 


Man has not seen a thing who has not 
felt it. 


Jak, ID), Tgomaime 


Vision and touch 

Visually impaired people can use aspects 
of both their visual and haptic senses to 
access critical information. They can use 
the sense of touch to guide their vision or 
to verify impressions gained through the 
sense of touch. 


The inclusion of both printed and raised 
information then would be appropriate 
in some information aids for the visually 
impaired. 


Vision and touch are very different in 
nature, however, and simple conversion 
from visual images to raised ones is 

not suitable. 
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Every part of the visually impaired per- 
sons's environment can be enhanced 
through the positive effects of colour, 
space and texture, and their knowledge of 
their environment can be increased 
through the use of relevant information 
aids. 


If designers are aware of the special 
information needs of the visually impaired, 
they might be able to provide them with 
viable means of complementing or substi- 
tuting their remaining vision. 
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Orientation and the visually impaired 
Orientation is one of the greatest difficul- 
ties faced by visually impaired people. 
Personal effectiveness is decreased by an 
inability to travel independently, safely 
and purposefully. To achieve independent 
travel, visually impaired travellers must 
have the ability to discover critical spatial 
arrangements. Spatial ability increases 
with mobility training, the use of effective 
orientation aids and subsequent travel 
experience. 
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Problem 


Improving maps for the visually impaired 


Orientation aids are tools to be used 
by visually impaired persons to devel- 
op or enhance their understanding of 
basic spatial relationships, to facilitate 
their comprehension of specific travel 
environments, to refresh their memory 
of routes and areas, to further their 
skill in independent route planning, to 
enable them to travel independently in 
unfamiliar areas, and to add to their 
enjoyment of physical space. 
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Graphic orientation aids 

In addition to promoting independent 
travel, orientation aids can promote 
increased awareness of spatial concepts. 
Orientation aids fall into three cate- 
gories: models, graphic aids and verbal 
aids. Graphic aids present information 

in tactile, visual or tactile and visual form. 
Maps, a type of graphic orientation aid, 
may be used in appropriate cases to 
teach spatial concepts or may be used 
independently, after initial training, 

for route planning. Although graphic aids 
are not suitable for people with restricted 
tactile sensitivity, they were important 

to those visually impaired individuals 
who have difficulty following verbal 
instructions and who require a better 
understanding of spatial concepts than 
can be gained through verbal descriptions. 
Graphic aids augment effective mobility 
training and may be used in combination 
with other orientation aids. 
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Visual/tactile maps 

Maps which include visual and tactile 
information have been promoted by 
researchers as having the greatest com- 
munication potential for the largest 
number of visually impaired individuals. 
When both printed and embossed, these 
visual/tactile maps can be read by the 
visually impaired and their helpers. These 
maps are inconspicuous because they 
look lke conventional aids and are more 
economical than maps designed for 
people with specific vision problems or 
the totally blind because they can be 
used by individuals with various levels of 
visual impairment. Persons with residual 
vision have been found to make use of 
both printed and raised information to the 
extent that they are able. For example, 
partially sighted individuals can use their 
residual vision to guide their tactile ex- 
ploration. 


The use of such maps is supported by 

the visually impaired who have specific 
orientation problems to solve. Any 

aspect of the environment of the visually 
impaired can be mapped, including inter- 
sections, floor plans and transportation 
systems. In a discussion with a group of 
visually impaired and blind individuals, 
specific mapping needs were reported, 
namely the layout of specific intersections, 
bus transfer points, unfamiliar rooms (in- 
cluding furniture arrangement) and streets 
with building entrances marked. Environ- 
mental cues such as raised international 
symbols for washrooms would be indis- 
pensible. 


For motivated individuals with some hap- 
tic capability, visual/tactile maps appear 
to present excellent alternatives to con- 
ventional orientation aids. In situations 
where such maps are available, why 
are so few actually used? 


ohn an aie ¥ i Fen lois 

eailbantons chakasaer aed heehee 

sons vinrt ale 
ne le Sit aingh | 


(oF tt foot 
Br ¢ 
at ue: 


ere So cree args ae 


) 4g ae Land 


>< “h j 
i : : hee “lated 
= = PP ar 
. PELL Oe wy 
- a == Vi 
Ya a) 2 
oy 


Design and production 

The physical and perceptual uses of maps 
for the visually impaired are affected by 
their design, production and training. 
Discrepancies have been noted relating to 
visual/tactile maps that may impede the 
development of coherent principles for 
their design and production and may 
ultimately affect their appeal and use. 
Some of these are outlined briefly here. 


Although many psychologists and 
cartographers have addressed the prob- 
lem of designing maps for the visually 
impaired, no studies on the subject have 
been found with input from industrial 

or visual communication designers. The 
relationship of content and function is cen- 
tral to the problem of developing effective 
maps for the visually impaired. For the 
most part, maps for many purposes are 
made by hand and there is no control 
over the quality of design and production. 
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Even apparently well designed maps are 
inadequate without effective training. 


Enough environmental details must be 
included on the map to provide a wealth 
of information to the visually impaired 
user, but not enough to cause tactile clut- 
ter. The size of the map should be small 
enough to accommodate comfortable 
scanning with the hands, but large enough 
to include the large symbol sizes required 
for tactile discrimination. 


Production materials affect not only the 
discrimination of map symbols, but also 
the physical use of the map. Maps which 
are to be consulted en route must be port- 
able, flexible and durable, yet the thin plas- 
tics that might match these criteria some- 
times affect the legibility of the symbols. 
Symbols printed on plastic often become 
distorted or rub off. Maps produced from 
embossing paper are more economical to 
produce than their plastic counterparts, 
but do not wear as well. 
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The sighted and the visually impaired 
have different ways of dealing with their 
environments, yet maps for the visually 
impaired are often simply converted 
from existing layouts that were originally 
intended for use by the fully sighted. 


Visual information 

The design of visual information in visual/ 
tactile maps must be perceptible by low 
vision users. Many potential low vision 
users do not read Braille. Although printed 
materials and conventional symbols may 
be used as an alternative, they must be 
redesigned to be visually useful to those 
with impaired sight. This may be as easy 
as using a bold typeface and as complicat- 
ed as determining the optimum type size 
for legibility. Colour may be used for con- 
trast, but it is difficult to predict how it will 
be perceived by those with widely varying 
visual disabilities. Materials providing 
enough reflectance may also facilitate con- 
trast, although glare must be avoided. 
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Tactile information 

The design of tactile information in visual/ 
tactile maps must be based on principles 
of tactile perception and discrimination. 

If partially sighted and blind persons are 
to be encouraged to make use of the 
sense of touch for perception, information 
aids prepared for them must provide for 
optimum discriminability, recognition and 
ease of use. Visual information cannot be 
merely converted to tactile information. 
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Maps specifically designed for 

the visually impaired possess 
tremendous potential to enhance their 
learning of spatial concepts and to 
facilitate their planning of travel routes. 
For those individuals with haptic 
capability but restricted visual ability, 
effective tactile symbols can comple- 
ment or replace printed counterparts. 
The design of such visual/tactile maps 
must extend beyond converting extist- 
ing printed configurations to tactile 
form. Effective tactile symbols should 
be systematically developed specifical- 
ly to facilitate the tactile perception of 
information. 
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Discriminable tactile symbols 

Many tactile symbols that have been 
used as test materials for the design of 
maps for the visually impaired have suf- 
fered from being tactile versions of con- 
ventional printed graphics. The practice 
of using visual criteria to select tactile 
symbols severely limits the number and 
variety of tactile symbols that could be 
potentially useful to the visually impaired. 
That practice also restricts the develop- 
ment and testing of optimal new forms 
which might, for example, be more com- 
patible or easily associated with the 
landmarks that they would represent. 


ee — i? = 
= -_ Ze r , 7 , 
ss ebeyelias e/ ote eh didaniont hy 
a a ote airrve alitaed- ay 


peat. ot tal. elRnGiawey test ae Tees 
ric OA atta: Mbseie ort i sel 2 argh in 
+ ve Ge oan ae oo) eat barrst 
if a ; Aan ing engtinen 
und) | a 


on 
led 5 


oe mats hielo c 
i “1h -1r-geet 


an 

- iv pa he 
a aaah a 

ft is «< wee ry lid 
phe sire its tite : 
dt yank VE se TaITE v4 LGA 


Proposal 


Designing a system of tactile map symbols 


In sight, information is perceived 
holistically, while in touch, informa- 
iton is perceived sequentially. This 
increases the difficulty of the tactile 
scanning of maps and the recognition 
of map symbols. Strategies for use 
will differ with every person as will 
their cognitive abilities. Every effort 
must be made in the design of these 
maps to enhance the discrimination 
and recognition of tactile symbols. 
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Criteria for the design 

of tactile symbols 

Criteria for the development of discrimin- 
able and recognizable tactile symbols may 
be gathered from the numerous studies 
done in the areas of tactile perception and 
tactile symbol discrimination. 


The conventional symbol groups used 

in maps for the sighted and the visually 
impaired are known as point, line and 
area. Point symbols normally represent 
landmarks, line symbols normally repre- 
sent trails or boundaries and area symbols 
normally represent regions of space. 

In this project, area symbols are referred 
to as texture symbols since this more aptly 
describes the raised patterns developed. 


peg ign bi sia a8) jo: Xe ? ie 
: hae re and iets Reig pane 
pes fiyatie > hide pieiite's ada 


oie MSiys57 ay altos ae Nena ian 


MCT ctirE Ppa Ne rome 
ae 


sass wort Ain a 
¥ 7 S tar ner eonaten ox sae — 
iitQesTGEE etek rot et ‘py ion 
ce BP he ae [siren aie po ye = 
slacases Sees iy eas (mr 
wae ae i? + Sen or. 
Biitoc hy Hg v1 Ine 
now “an Sie abs: ine, 
(tt See oT a ayia alt aay 
a is Asis ees ta? bg 


Contrast 

Symbols should differ from each other 

in aS many ways as possible, and at least 
25% to 30% in size. Visual contrast does 
not provide a good indication of tactile 
contrast. Point symbols should differ from 
each other in terms of shape, size, eleva- 
tion, and outline. Line symbols should 
differ from each other in terms of delinea- 
tion, dimension, roughness and frequency. 
Texture symbols should differ from each 
other in terms of intensity, density, interval 
and the size, shape and direction of com- 
ponents. 


Complexity 

Maps should be simple and not cluttered 
with too many symbols. The smallest 
discriminable symbols should be used to 
accomplish this. Overuse of texture sym- 
bols should be avoided as it causes tactile 
noise. 
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Compatibility 

The configuration of the symbol used 
should be easily associated with the infor- 
mation it represents, wherever possible. 
Double lines are easily associated with 
roads, for example. Rough textures could 
be used to represent uneven travelling 
surfaces. 


Shape 

Shape recognition is one of the most 
difficult tactile tasks, but it is made easier 
by the use of small scale symbols. 


Delineation 

It is diffiicult to discriminate small outline 
shapes, especially when they are smaller 
than 1.2 cm in diameter. 


Traceability 

Line symbols must be designed so that 
they are easily traced or followed. The use 
of double lines allows for better tracking 
than one if the lines are separated by 
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Dimension 

Tactile symbols must be much larger 
than visual symbols to facilitate per- 
ception. Point symbols should be small 
enough to fit under the fingertips. The 
minimum discriminable line lengh is from 
12.7 to 25.4 mm, depending on the pattern. 
Texture symbols with outer dimensions 
of 5cm x 5 cm are easily distinguished 
and smaller symbols with a 2.0 cm dimen- 
sion are often discriminable. Small scale 
elements in texture symbols are easier to 
distinguish than large scale ones. 


Elevation 

Tactile edges can be easily discriminated 
and intensity facilitates tactile perception. 
Differences in the intensity of texture 
elements are more easily perceived than 
the shape or orientation of elements. A 
discriminable elevation for point symbols 
is 0.85 - 1.52 mm and 1.02 mm for line and 
texture symbols. 
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Proximity 
Textures should not interfere with point or 
line symbols when used together. 


Intersection 

The intersection of lines is discriminable 
if the lines are notably different and if one 
line is broken at the point of intersection. 


Spacing 

There should be a minimum space of 2.3 
to 3.8 mm between point symbols. The 
spacing between dots in a line identifies 
lines, but the spacing between dashes in a 
line does not. 


Orientation 

For direction to be a discriminable feature, 
the scanning of texture symbols must oc- 
cur in many directions. Orientation should 
not be used as a discriminable feature in 
point or texture symbols. 
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Indexing 

Adding Braille labels often increases 
problems of tactile clutter. Information 
may be presented on an underlay or 
overlay such as the grid margins or other 
reference devices. Map legends should 
occupy a standard location. 
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Developing a proposed symbol system 
Taxonomy of symbol features 

A programme for generating point, line 
and texture symbol features was 
developed in consideration of the formal 
euidelines suggested above. A taxonomy 
chart was devised which classified the 
following basic features and configura- 
tions of abstract symbols: symbol group, 
frequency of features, shape of features, 
dimensions of features, elevation of fea- 
tures, delineation of features, configuration 
of features, relationship between features, 
rhythm of features, density of features and 
orientation of features. 


Generation of symbols 

Numerous possible symbols were gener- 
ated by combining various features of the 
taxonomy chart. Guidelines for dimension 
and spacing were considered in the choice 
of symbol configurations comprising a 
testable set. 
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Selection and production 

of acceptable symbols 

Fifteen symbols in each of the point, line 
and texture groups were selected among 
dozens of generated symbols as those 
which comprised the set with the most 
contrast between symbols. These, along 
with some alternatives, were rendered 
eraphically for photo-reproduction to be 
used in the photo-etching process Sym- 
bols featured thin lines to accommodate 
the change of line thickness that would 
occur in the production process. 


The symbols were photo-etched into two 
18 x 24 inch zinc plates with nitric acid, one 
to a minimum depth of approximately 

0.5 mm and one to a maximum depth of 
approximately 1.0 mm. 


These plates were used to test symbol 
impression in both the vacuum forming 
and mechanical embossing processes. 
Neither process gave an optimal result in 
terms of impression, so an initial symbol 
set was hand-embossed onto coated 
Iconofix paper by pressing styluses of 
different widths into the etched zinc plates. 
(Further testing would be required to 
determine the best mechanical process 
for symbol production.) 


The hand-embossed symbols were then 
inspected informally through the sense of 
touch to determine a potentially effective 
set for testing. Refinements were made 
based on further informal tactile observa- 
tions. A final set of hand-embossed sym- 
bols was prepared. From these 240 point 
symbols, 240 line symbols and 240 texture 
symbols, testing materials for pair com- 
parisons were prepared. 
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Testing the proposed symbol set 

The objective of the testing was to eval- 
uate the relative discriminability of a 
proposed tactile symbol set of 15 point, 
15 line and 15 texture surfaces to deter- 
mine which subsets could be used in the 
design of maps for the visually impaired. 
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Method 

The relative performance of symbols was 
tested in a series of pair comparisons by 
sighted and visually impaired subjects, 
who examined the symbol pairs through 
the sense of touch with their hands under 
a vision barrier. [Three random orders of 
the 120 possible pairs were balanced over 
twenty-one comparisons undertaken in 
each of the three symbol groups. Subjects 
were asked to judge if each symbol in 
each pair was the same or different from 
the other. For an allied measurement, 
they were also asked whether they were 
confident in their answer. No time limit 
was imposed and subjects were encour- 
aged to take breaks as needed. 
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Subjects 

Thirty-eight volunteer sighted, partially 
sighted and blind subjects participated in 
the testing, They were between 18 and 64 
years old and varied widely in education 
and. vocation. Twenty-one of the 35 sight- 
ed subjects were female, 14 were male. 
The partially sighted subject was male. 

Of the 2 blind subjects, one was female, 
one was male. None of the sighted sub- 
jects had any training in reading Braille. 
The partially sighted subject used optic 
aids daily to extend his remaining vision 
and did not use Braille materials, although 
he was trained to read them. The two 
blind subjects maintained their skill in 
reading Braille. A large number of tactually 
inexperienced sighted subjects were 
involved due to the small number of avail- 
able, visually impaired persons. The haptic 
abilities of blind subjects do not vary 
ereatly from those of sighted subjects. 
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Materials 

Fifteen surfaces in each of the point, line 
and texture groups were developed 
according to the programme described 

in the last section. Test materials were 
prepared by hand-embossing 16 copies 
of each of the proposed 45 symbols onto 
coated paper, using photo-etched zinc 
plates as masters, The resulting 120 
symbols pairs in the point, line and texture 
eroups were numbered for ease of iden- 
tification and arrangement according to 
their position on a master matrix of pair 
comparisons. For each of the symbol 
eroups, test pair tiles were prepared to 
accommodate the comparison between 
each symnbol with itself and all other sym- 
bols in its group. Each pair of embossed 
symbols was glued to lightweight tiles 
made of Fomecor, a presentation material 
consisting of pressed foam, covered on 
both sides with coated paper. The tiles 
were stored in an upright position in trays 
for easy access. 
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Point symbol pair tiles 

Each point symbol was hand-embossed 
onto the centre of a 2.5 x 2.5 cm square of 
Iconofix coated paper. Each of the 120 
required symbol pairs was glued to one 
face of a 7.5 x 2.5 x 0.5 cm Fomecor tile, 
separated by an area of 2.5 x 2.5 cm. 


Line symbol pair tiles 

Each line symbol was hand-embossed 
onto the horizontal centre of a 10.0 x 5.0 
cm rectangle of Iconofix coated paper. 
Each of the 120 required line pairs was 
clued to one face of a 22.5 x 5.0 x 0.5 cm 
Fomecor tile, separated by an area of 
PEO SS. VICI: 


Texture symbol pair tiles 

Each texture symbol was hand-embossed 
onto the entire surface of a 5.0 x 5.0 cm 
square of Iconofix coated paper. Each of 
the 120 required texture pairs was glued to 
one face of a 12.5 x 5.0 x 0.5 cm Fomecor 
tile, separated by an area of 2.5 x 5.0 cm. 
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Vision barrier 

A vision barrier was designed to ensure 
that the symbol pairs would be inspected 
through touch alone by the sighted and 
partially sighted subjects. It was not used 
with the two completely blind subjects, 
who depended wholly on the sense of 
touch for discrimination. Four notched 
Fomecor panels were fitted together to 
form the structure, which resembled a 
table top lectern and sloped down 
towards the seated subject. The base of 
the barrier supported the structure and 
featured a cut-out guide which held the 
pair tiles in place while subjects examined 
the embossed surfaces actively with their 
fingertips. Subjects were able to place their 
hands under the low front opening, which 
was wide enought to accommodate free 
hand movement, but low and long enough 
to obstruct their view of the pair tiles and 
of their hands. A high and wide opening at 
the back allowed the experimenter access 
to the tile guide, but concealed the place- 
ment of the pair tiles from the subjects. 
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Response sheets 

Nine forms were designed to accommo- 
date answers to the questions of compar- 
ison and confidence for all symbol pairs 
tested, in three random orders of three 
symbol groups. The questions were 
arranged in rows of six to provide an 
easily searched array for the experiment- 
er to monitor the pair orders and mark 
responses. These forms were easily 
scanned for analysis after the testing. 
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Procedure 

The testing was done in rooms that 
offered as little distraction as possible. 
Subjects were asked to sit facing the 
experimenter and in front of the vision 
barrier, which rested on a table. They 

were encouraged to assume a comfort- 
able position. After the first test by the first 
subject, an office chair was replaced by a 
more comfortable drafting chair. 


A prepared statement was read to each 
subject prior to the testing which briefly 
described the test. 


To familiarize themselves with the testing 
set-up, subjects were invited to or physi- 
cally guided to place their hands under the 
vision barrier on the first pair tile to be 
compared. The vision barrier was moved 
as needed to facilitate comfortable sit- 
ting position when arms were extended 
for pair examination under the barrier. 


Seven tests were completed in each of the 
first, second and third random orders for 
the point, line and texture symbol pair 
comparisons. In each of 21 tests for each 
symbol group, 120 possible pairs were 
compared, one after the other, according 
to the relevant random pair order. Each 
pair tile was taken from the front of the 
point. line or texture tile tray and placed in 
the tile guide on the base of the vision bar- 
rier. 


Subjects were permitted to examine the 
pair tiles out of the guide as long as the 
tiles remained under the vision barrier. 
The two totally blind subjects examined 
the pair tiles without the vision barrier or 
tile guide. 
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In each pair comparison, the subjects 
were asked whether the symbols felt the 
same or different and if they were confi- 
dent in their response. After the first few 
questions, most subjects responded with- 
out needing the questions; "same-yes", 
“same-no', 'different-yes", or "different-no". 
It was not insisted that sujbects wait for 
the questions because the questions 
annoyed some subjects by delaying their 
responses. 


The two-part response for each pair 
comparison was circled next to the pair 
number on the response sheet. As soon as 
a response was given for each pair, the 
pair tile was taken out of the guide and 
placed at the back of the tile tray to keep a 
consistent arrangement for the next text 
with the same random order. 


The experimenter was required to check 
every pair number on the tiles against the 
order on the response sheet to ensure 
that the responses were noted correctly 
for each symbol pair. No time limit was 
imposed and breaks were encouraged, 
but rarely taken. The time required for 
comparing 120 pairs in any symbol group 
varied from 15 minutes to 120 minutes. 
The average test time, without breaks, 
was approximately 35 minutes. 


At the end of each test, subjects were 
asked if they had any comments to make 
and if they had not already done three 
tests, whether they were interested in par- 
ticipating in another symbol test. Subjects 
were not permitted to see the pairs unless 
they were not intending to participate 

in any more tests. 


Discussion of test results 

Two types of data were collected during 
the pair comparisons: quantitative scores 
that were based on frequencies of con- 
fusion and qualitative notations that were 
based on general observations. 


Performance ranking 

Based on the test results collected, two 
confusion matrices were prepared for 
each of the point, line and texture groups. 
One type showed only the frequencies 
of confusion and the other showed 
frequencies of confusion in alliance with 
confidence factors. These were used in 
two different methods to determine 
scores for ranking the relative perfor- 
mance of individual symbols. 
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Confusions only 

In the first ranking method, the relative 
performance of individual symbols was 
determined by calculating the total num- 
ber of confusions for each symbol in all 
of its occurrences. (Each symbol was 
presented 15 times in 21 tests for a total 
number of 315 occurrences.) Symbols 
were ranked according to the number of 
times that they were confused with them- 
selves or other symbols in all of their 
occurrences. 
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Confusions with confidence measure 
In the second ranking method, an allied 
confidence measure was recorded 

and considered in addition to simple 
frequency counts. A confusion score 

was determined by attaching an arbitrary 
gerade to confusions which ranged, in 
descending order, from most significant 
to least significant. 


A "confusion with confidence" 
response was assigned a grade of 3. 

A "confusion without confidence" 
response was assigned a grade of 2. 

A "non-confusion without confidence” 
response was assigned a grade of 1. 

A "non-confusion with confidence" 
response was assigned a grade of 0. 
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Other measures 

Further arbitrary measures may be 
applied to determine a quantitative 
threshold of relative discriminability of 
the proposed symbols. 


All 15 point symbols, 10 of the 15 line sym- 
bols and 14 of the 15 texture symbols met 
the criteria of being discriminable in more 
than 95% of the 315 total occurences. 


If we were to apply the strict criteria that 
the confusion of a symbol with itself or 
other symbols must be 10% or less, then 
the number of acceptable symbols would 
be drastically reduced. This could be due 
to the high number of con-fusions that oc- 
curred when symbols were compared to 
themselves. 
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Self-confusion 

This high self-confusion phenomenon 
might relate to differences in function 
between the fingers of the left and right 
hands and to problems in manufacturing 
identical copies. Some researchers report- 
ed this phenomenon in tests with visually 
impaired grade-school children and sug- 
gested that it might be due to the subjects’ 
concentrating on finding differences in 
comparison. They proposed that subjects 
would look for likeness instead of differ- 
ence in a map reading situation. This 
phenomenon has been found in other 
studies and has apparently still not been 
fully investigated or understood. 
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Regardless of performance ranking, 

no symbols were discarded, since only 

a small subset of any symbol group 

would be employed in maps for the vis- 
ually impaired. In this way, no potentially 
effective combinations were overlooked. 
Symbols which did not perform well in 
combination with the other 14 in the group 
can still be effective in certain smaller 
subsets. 
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General observations 

It is not apparent how personal 
differences in test subjects may have 
physically and perceptually affected their 
discrimination of the tactile symbols. 

All available information that could affect 
discrimination was collected during 

these tests. Visual status, Braille reading 
experience, age and sex of each of the test 
subjects was noted as well as the random 
order of pair presentation and the order 
of tests done by subjects who completed 
two or three different tests. These varia- 
tions were not being tested specifically, 
however, and only some very general 
subjective observations will be made 
here. 
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Scanning strategies 

Subjects employed a variety of strategies 
to actively examine the test pairs. Sequen- 
tail examination was characterized by the 
use of the fingers of one hand to explore 
both symbols or by the use of the fingers 
of one hand to guide the exploration of 
the other. Simultaneous examination was 
characterized by the use of the fingers of 
both hands to scan the details of both 
symbols in the pair at the same time, 
usually in the same direction. Confusion 
occurred when some line and texture sym- 
bols were scanned simultaneously in 
opposite directions, creating a mirror- 
image effect. This indicates that symbols 
with assymetrical configurations or irregu- 
lar rhythms may cause discrimination 
problems for some individuals. Some 
subjects employed both sequential and 
simultaneous strategies to gain optimum 
information or to counterbalance an 
apparent difference in perception when 
using the fingers of their left or right hand. 
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Discriminability and recognition 

The discriminability of symbols seemed 
to depend largely on the recognition of 
individual symbol features and the sub- 
ject's decision-making process. Some 
subjects came to quick decisions that 
seemed to be based on sensory response, 
while others apeared to apply rigorous 
and analytical problem-solving techniques 
until they were confident with their 
decision. 


Many sighted and visually impaired sub- 
jects were able to identify symbols that 
were displayed time after time. From their 
comments, it was evident that the ability 
to visualize, memorize or otherwise inter- 
nalize symbols and their components was 
directly related to the ability to recognize 
them. 
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Point symbols 

Subjects reported a preference for simple 
configurations with features that can be 
easily identified. Although it was not in- 
tended, rotation was a perceived symbol 
variable, particularly in symbols with 
radiating arms. 


Line symbols 

Subjects sometimes read the irregular 
rhythm of features in line symbols as a 
directional cue. They also sometimes con- 
fued line symbols with each other when 
they read them using a mirror-image 
scanning strategy. 


Texture symbols 

Mirror-image reading also caused confu- 
sion for subjects in the discrimination of 
texture symbols. The perception of texture 
symbols appeared to be related either to 
the sensation of the tactile symbols or to 
the identification of individual features. 
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Implications 

The discrimination and the recognition of 
tactile symbols seem to be two very differ- 
ent but related processes which must be 
addressed in the design and use of maps 
for the visually impaired. 


Discrimination seems to be based on a 
combination of structural and textural 
features. Recognition appears to be 
related to the memorization of simple, 
unique features. 


All of the symbols in the proposed sym- 
bol set are legible to different degrees. The 
matrices and reulting performance rank- 
ing facilitate the determination of effective 
symbol subsets for application in the de- 
sign of maps. 
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The results of this testing show that while 
most symbols in the point, line and texture 
groups are highly discriminable when 
compared to other symbols, they have a 
good chance of being confused with them- 
selves. The reason for these self-errors 
must be understood. Tests should be 
developed to measure the recognition of 
these symbols in actual situations where 
the symbols must be identified both in a 
legend and on a map. Given the uncertain- 
ties concerning the self-error pehnomenon 
reported in tests similar to this one, the 
strictest measure would not be applied 

to the selection of all symbols for use in 
maps. However, it would be considered in 
selecting symbols to represent hazards or 
critical landmarks. Additional criteria for 
the selection of symbols would be based 
on their compatibility with the environ- 
mental features that they would represent. 


Recommendations are outlined in the next 
section. 
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Recommendations 

Recommendations for further testing and 
study in relation to the design of maps 
and other information aids for the visually 
impaired are outlined here. 
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Proposed symbol set 

The proposed symbols could be 
improved to increase their discriminabil- 
ity in terms of the elevation, spacing 

and size of elements. Further testing is 
required to evaluate the performance of 
the symbols in terms of recognition and 
context. A method of evaluating the com- 
patibility of the proposed symbols with 
their intended referents should be devel- 
oped if compatibility is indeed a factor 

in the discriminability or recognition of 
tactile symbols. Production methods 
should be investigated to determine which 
materials enhance the discriminability 

of the proposed tactile symbols. The per- 
formance of symbol groups in relation to 
each other must be evaluated in empirical 
and applied tests to determine combina- 
tions that are highly discriminable. 
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Application to informational 

and educational aids 

The map designed for this project should 
be tested in an actual map reading sit- 
uation. The application of the tactile sym- 
bols to educational aids for the visually 
impaired should be studied to determine 
euidelines for improvement. Specifica- 
tions for training the visually impaired in 
the used of informational and educational 
aids must be developed. For example, 
games employing the proposed symbol 
set, such as tactile dominoes, could be 
developed to teach recognition skills. 
Other games or exercises could be devel- 
oped to teach optimal scanning strategies. 
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Potential of visual/tactile information 
The information potential of visual/tactile 
symbol systems must be studied further, 
especially in relation to critical situations. 
Personal information aids for the visually 
impaired featuring symbols both printed 
and raised should be studied to determine 
criteria for the design of personal infor- 
mation aids for the visually impaired. 

The feasibility of producing maps of bus 
routes, neighborhoods and cities must be 
determined to make such aids accessible 
to the largest number of visually impaired 
individuals. The installation of raised en- 
vironmental cues could be considered, 
with or without reference to maps. 
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Interdisciplinary research 

Input in the development of improved 
information aids for the visually impaired 
must come from potential users in com- 
bination with interdisciplinary teams of 
designers and researchers. 
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Application 


Designing a map for the visually impaired 


Design criteria 

A visual/tactile map for the visually 
impaired was designed according to the 
following criteria to show how the proposed 
symbol set might be applied. It is intended 
to demonstrate how visual and tactile infor- 
mation might be combined in a simple, 
specific aid. As the actual production of 
maps for the visually impaired is outside of 
the scope of this project, the map is present- 
ed here in a mock-up stage. 
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Specific purpose 

One of the needs identified by blind and 
partially sighted individuals is access to 
information about the layout of bus transfer 
points. The transit zone at the University of 
Alberta was chosen as an example of such a 
situation made more complex by traffic 
moving freely throughout. In this situation, 
it is confusing that University to Downtown 
buses do not leave from the same side of 
the street or proceed in the same direction. 
This is not a typical transit center where bus 
locations are constant, so only a legend of 
the Downtown buses can be included. 


User profile 

This map was designed for use by haptically 
capable, motivated, independent travellers 
with some remaining vision who are non- 
Braille readers and have knowledge of the 
configurations of the conventional printed 
alphabet. Tactile symbols were employed to 
enhance the visual information available to 
them. 
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Content 

Information to be contained in the map 
was determined by surveying the region 

to be mapped on foot. Enough information 
had to be included on the map to provide 
essential information without creating 
conflicting signals in communication. The 
following landmarks and hazards were con- 
sidered necessary to this map: bus stops, 
bus shelters, specific bus number infor- 
mation, curb breaks, road, crosswalks 
and the location of relevant adjacent 
buildings. A reference system of legend and 
labels was developed. A reference to direc- 
tion was included. 


Symbol selection 

The selection of symbols to be used in the 
map was based on discriminability perfor- 
mance as measured by this study and on 
assumed compatibility with environmental 
features. The best performing symbols in a 
eroup were used to represent the most 
critical features. Labels in large types were 
included. 
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Production 

The prototypical map was produced 
through the photomechanical transfer pro- 
cess into acetate, hand-embossed and 
painted from behind. An optimum produc- 
tion method which combines high symbol 
discriminability, flexibility of production 

and use and cost effectiveness does not yet 
exist for these types of maps. With intensive 
testing and experimentation, one could be 
produced commercially through emboss- 
ment, vacuum forming or thermoforming in 
combination with a printing process suitable 
to paper or plastics. Added texture process- 
es are more convenient, but do not provide 
for the best discriminability. It would be 
worthwhile to study the effectiveness of a 
newly developed material called capsule 
paper that allows a photocopied image to 
expand when heated. Again, however, this 
process produces distinct results only in 

the simplist layouts and only with specfic 
symbols. Both visual and tactile information 
would have to be developed for use in these 
separate processes. 
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Availability 

Due to the expense of producing individual 
maps for specific situations, it is worth con- 
sidering the development of a complete 
transit system map from which segments 
could be produced as needed. 


Training 

The intended use of this map is to facilitate 
maneuvering in this specific environment for 
a specific purpose. For this reason, it is likely 
that this map would be used at home to 
learn or memorize the layout prior to travel. 
This map would require some training from 
specialists or helpers for optimum efficiency. 


Evaluation 

The effectiveness of this sample map should 
be evaluated before it could be produced 
commercially. Ease of use in terms of size, 
information content and symbol discrim- 
ination must be determined by interviewing 
potential users and testing in an actual map 
reading situation. 
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Environmental cues 

A map of any sort would be most useful if 
visual and tactile cues would relate the 
environment to the map. In this way, travel- 
lers could check their progress against such 
things as large embossed signs or changes 
in texture on their travelling surface. 


Conclusion 

This exhibition has described the design 
of a proposed system of tactile symbols 
intended for use in the design of maps 
for the visually impaired. Although these 
tactile symbols were developed for use in 
the design of maps, they can be applied 
to the design of other informational and 
educational aids for the visually impaired. 
Further study and testing in the area of 
information aids is recommended in an 
effort to increase the visually impaired 
person's access to critical information. 
This should be done by interdisciplinary 
teams of potential users, psychologists, 
cartographers, teachers, orientation and 
mobility specialists, industrial designers 
and visual communication designers. 


Special thanks to University Archives 
& Collections for providing the panel 
frames for the exhibition, and to Lydia 
Bardak, CNIB and University Map 
Collections for providing tactile maps. 
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Captions 


An added-texture educational map, produced on paper by adding flocking 
(fibres), glass beads and thermopowder to a wet printed surface and heat- 
ing at Simon Fraser University and included here courtesy of the Canadi- 
an National Institute for the Blind (CNIB). 


An added texture educational map produced on acetate at Simon Fraser 
University and included here courtesy of the CNIB. 


An added texture map produced on paper at Simon Fraser University and 
included here courtesy of the CNIB. 


A Swedish tactile map produced in styrene by a thermoforming process in 
which plastic is heated and molded. 


A map produced on capsule paper, which allows a photocopied image to 
expand when heated. 


An urban map commercially printed and thermoformed for blind and 
sighted users, produced in Washington, D.C. and included here courtesy of 
the University of Alberta Map Collection. 


The same map that appeared on panel number 14, adapted for visually im- 
paired users and included here courtesy of the University of Alberta Map 
Collection. 


A map of a college campus produced in the added texture method using 
glass beads and flocking on a printed surface, included here courtesy of the 
CNIB. 


A route map embossed in Braillon (a type of plastic), included here courtesy 
of the American Thermoform Company. 


Taxonomy chart 
*sequence is repeated as necessary for symbols with multiple features 
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Proposed symbol set 

Vision barrier 

Testing set-up 

Symbol pair identification numbers 

Proposed symbols discriminable in 95% of total occurrences 


Proposed symbols that were not confused with themselves or other 
symbols in more than 10% of total occurrences 


An example of symbols tested for use in maps for the visually impaired, 
including numerous commercially printed patterns 


Mock-up of transit zone map which incorporates highly performing tactile 
symbols with large type labels. It demonstrates how buildings may be 
marked with one example. 

Materials used in producing the proposed symbol set 

Loss of central visual field 


Atlas for the blind, courtesy of University of Alberta Map Collection 


Legend to the map on Panel 15 
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A written report of this project includ- 
ing references will be available from 
Special Collections. 
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